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ABSTRACT 

We address the problem of performing optimum spaiio- 
temporal proc casing when using adaptive antenna arrays at 
base siaiions for multiuser downlink transmission, assuming 
the knowledge of" the. channel related to each user. This as- 
sumption typically holds in the context of time division du- 
plex (TDD), time division multiple access (TDM A) based mo- 
bile communication systems. For frequency division duplex 
(FDD) based systems that assumption is still valid if the base 
station is provided with feedhack from each mobile about the 
downlink channel. We consider the Spatial Division Multi- 
ple Access (SDMA) strategy for using antenna arrays to gain 
system capacity. In thai case the interfering users are located 
in the same cell and communicate with the same base station. 
The base station performs transmission through m channels 
resulting from an array of antennas and/or ovcrsampling of the 
transmitted signals, towards d co -channel users. The goal is 
designing the m x d transmission FIR filters at the base sta- 
tion in order to maximize the minimum Matched Filter Bound 
(MFB ) among the d users. 

We address Zero- Forcing (ZF). Minimum Mean Squared Error 
(MMSE) and othir approaches to solve that problem and we 
provide the related solutions, under specified assumptions and 
constraints concerning transmitter and receiver complexity. 

1. INTRODUCTION 

ITie. use of adaptive antenna arrays at base stations can increase 
the capacity of mobile radio networks by an improved spec- 
trum efficiency, in the uplink as well as in the downlink. 
The problem is performing optimum spatio-temporal process- 
ing when using adaptive antenna arrays at base stations for 
multiuser downlink transmission, in the context of time di 
vision duple* (TDD), time division multiple access (TDMA) 
based mobile communication systems. 
Note chat in TDD based systems the uplink and the downlink 
channels can be considered to be practically the same, assum- 
ing the mobile velocity low enough and the receiver and trans- 
mitter appropriately calibrated. In such circumstances since 
the channel is known (or estimated) from the uplink, efficient 
spatio-tempi'Hiil processing can be performed at the base sta- 
tion during transmission as well as during reception. 
On the contrary* the lack of channel knowledge represents a 
strong limit inherent to frequency division duplex (FDD) based 
systems. Indeed the base station has no direct knowledge of 
the downlink channel, since it can not be directly observed and 
therefore estimated. A solution to that problem consists in pio- 
viding the base station with a feedback from the mobile station 
about the downlink channel. Obviously such solution involves 
a reduction in spectral efficiency. On the other hand, if such 
feedback is nut provided, the downlink channel characterisa- 
tion can only be based on the estimates of those parameters 



related to ihe uplink channel, which are relatively frequency 
independent and whose changing rate is slow with respect to 
the frame duration. Actually in FDD based mobile communi- 
cation systems, in the absence of feedback, only the downlink 
channel covariance matrix can be estimated, and not the chan- 
nel itself. In addition even a robust and reliable estimation of 
the channel covariance matrix represents a non trivial issue. 
In spile ol that complication, solutions to perform optimum 
transmit array processing have been previously pioposed only 
for FDD based systems 1 31 — fOl- Moreover, in those solutions 
only purely spaua! filtering (i.e.. bcamformingj has been con- 
sidered. Ai present we are not aware of any publication con- 
sidering spatio-temporal array processing for FDD and TDD 
based systems for downlink transmission. 
Here we deal with the problem of the Matched Filler Bound 
(MFB) optimization assuming a TDD mobile communication 
system operating with SDMA frequency reuse technique to 
gain system capacity. Then die interfering users ;ire located 
in the same cell while the interference coming from other cells 
is neglected. The maximization of the MFB leads to the mini- 
mum probability of error for an optimal receiver. 
We assume that reciprocity between up-link and downlink chan- 
nels holds, i.e., the uplink and the downlink channels ate the 
same. The base station performs transmission through m chan- 
nels resulting from an array of antennas and/or oversamphng 
of the transmitted signals, towards d co -channel users. Each 
one of all the d mobile receivers is assumed to have one an- 
tenna and to sample at the symbol rate (i.e.. no ovcrsampling 
is provided at ihc receivers). The goal is designing the m v d 
transmission r'lR filters in order to maximize the minimum 
MFB among the d users. 

2. MFB OPTIMIZATION PROBLEM FORMULATION 

In order to provide a consistent problem formulation wc start 
considering a base station that performs overs am pled (OS) pie - 
filtering before transmitting with only one antenna towards a 
generic mobile user where a single antenna signal gets sam- 
pled at the symbol rate. Then referring to figure 1 we denote 
a(k) the transmitted symbols, hit) = w{t) * nV) Mie con- 
tinuous time impulse response of the convolution between the 
transmit pulse shape filter w[t) and the physical channel ci 1 1, 
and II(- r ) the discrete-time transfer function corresponding 
to h(t) sampled at rate r/T where T is the symbol |>eriod 
(when no OS is performed we denote z\ = r). The leceive 
filter is included in c(f). We assume H(z, ) to be identified by 
the base station on the uplink, the base station uses the same 
pulse shape filter w{t ) as the mobile receiver and the clocks 
between transmitter and receiver are synchronized both at the 
base station and the mobile. On this basis, we ean fonrtuluu: 
the problem for all the d users regardless of the OS factor ;\ 
also considering an array of antennas at the base station as fol- 
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Figure 1: Oversampled signal transmission chain to one mo- 
" bile with one antenna at the base station 



lows. Actually the ith user discrete- time received signal, for 
i = l . . . . cf, is 



j= i 

where the aj(fc) are the transmitted symbols intended for the 
jthuser.g -1 is the unit sample delay operator (i.e., 9" l y,(k) — 
lit [k — 1 ))- H/ ) is the channel transfer function between the 
base station and the ith user, Fj(z) is the spatio-temporal fil- 
ter for the transmitted symbols «j ( k), and v t (k) is the additive 
noise At the. ith receiver. The superscript * denotes transpose. 
Note that F_,(;J is a in x i column vector and Hf(c) is a 
I x tit row vector. Note that H,(: ) is the m x 1 channel in the 
uplink from the uh user 10 the n\ base station channels. 




HJV.) 



Figure 2: Transmission filters and channels for d users 



2.1. Frequency domain problem formulation 

The frequency domain MFB definition for the %\\\ user, consid- 
ering interferes as Gaussian noise, is 



(2) 



where G^U) = HT\:)Fj(z).<rl = E{|a,(A-)| 2 }, fori - 
I, . . . , f/. ff'^ is the variance of the additive noise vdk). as- 
sumed temporally and spatially white hereafter, and. in gen- 
eral. H'frJ = H ft ('l/-")- The superscripts H and * denote 
Hermitian transpose and conjugate respectively. The symbols 
are assumed i.i.d. and the symbol consLellation is assumed cir- 
cular (for a real constellation, the complex signals should be 
split into in phase and in quadrature components). 
The cost function is given by 



max mi n { M FB , } 



(3; 



2.2. Hurst processing time domain problem formulation 

Consider the ah user I/O transmission chain (see Fig. 2) re- 
g<tid(ess til tlicr contribution!; intended for the other users. Tht: 

channel h7(t i and the filter f t (t) arc assumed to be FIR fil- 
ters with duration X,T and LT respectively {approximately), 
where T is the symbol period. 



In the discrete-time representation we have 

= Ht'o f/J)"i(k ~ <) = FiA t . L ik) 

= u t t x,.y t (k) + v,ik) 
H\ = lhf(:\, - 1) ... hj(0)} t 4) 

^. = [/.('-- n • f ',t°l 

-Vf.jsr,(fc) = [*!*{k - A* t + 1} ... xi'tk))" 
A. tL (k) = [a!'[k - L + l) ... u t "(A|J" 

where superscript ' denizes transposition of the blocks in a 
block matrix. If we consider M consecutive samples 

+ K. a/(At) 

where Y*f.A/tJfc) = \y! ! \k - M + 1 ) ... ?/,"(**)]" and similarly 
for V* t> .\/(A-). 7aj(G) is in general a block Toeplitz matrix 
with A/ block iows and 0 JtXv;iV ;-»)] as first block row, 
where C is a matrix with x q block entries. 
Then, introducing also the contributions of all the other co- 
channel users, for the ith user wc have 

V;,a:(A) = ^2'nf{H t t yr AI+J v^ i [F ) )A J ^K 1+N , + L~2ik) 

+ 1'.. Af(*> 

and in the corresponding burst co variance matrix 
we can distinguish the following contributions 

«!* ,J =a2rw(i/:)TA/ + .v.-i(FoT A y +N ,_ i (/- , l )7iy(/rfi-i 

(6) 



where /?!; v/ ' and J?}* ,J are the contributions of the ith and /th 
transmitted signals respectively at the ith receiver, for j ^ i. 
Note thut Ylf^f, fcpiesen!s the hurst cn variance matrix 

of the whole Inter- User- Interfere nee (IU1) at the ith receiver. 
Then the burst processing MFB is delined as 

where tr{) denotes the trace operator. Remark that as A/ —3- 
'x,. MFB; AJJ MFB; in (2). 

Similarly to the frequency domain formulation (3) the opti- 
misation criterion results in 
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23. Further assumptions 

Both problem formulation. 1 - (3>, )'8i are too complicated to al- 
low any analytical approach to fined the optimum solution. 
Nevertheless analytical solutions can be found under the fol- 
lowing assumption thai the optimal solution corresponds to a 
lou Imerfcrcncc-to-Noisc Ratio (INR) for all the users, i.e.. for 
all ihe i*s we have 



INR ' = ^Sl ^ / G >^ = !— « 1 



(9) 
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In that case, it is easy in see thai maximizing the MFB is ap- 
proximately equivalent to maximizing the Signal-to-lnierference- 
plus -Noise Ratio (SINK) and vice versa. Hence, referring to 
the burst processing problem formulation, the SINR definition 
for the ith user is 



SINR, = 



ir{R[: r >) 



(10) 



By introducing F\ = [f J(L-l) . .'. /f(0)], it can be written 



SINR, = 



(il) 



where J? t is a properly defined covariance mairix related to 
the channel H[. whose derivation is straightforward. In the 
continuous-processing case, we have Ri - Tl(H ,)T t ( H t ) , 
where 11 , = [MX - 1) ■ - - MO)]. 

According 10 ihc definition ( 1 1 ) we denote SINR, = y, in the 
sequel. Then lei F) = y/piU\. where U\ is a vector with 
unit norm (e.g.. \\U[\h = 1 or £/[ J R,t/; H = 1). the vector of 
ihc inverse SINRs 7"' = hi ' - *>j T and 106 vector of 
the transmit powers p = [pi, ... , Prf] T - In addition we need 
u> cutiMiuin the overall power transmitted by the base station 
to be less that or equal to pm»x- Given that, the optimization 
iritenon is 



nin ||7 s.i- <J T V < Pmw 

v . It-',) 



(12) 



where : /7 = II? ... ||£/Ml5] T * In lhe resl " f lhis P^ 1 " 
wc shall considering SINR optimization criterion i.l2), regard- 
less of its telationship to the MFB criterion in (3). In that case 
a'i can account lor Hie variance of the inter-cell interference 
also. Then we define the normalized power delivered by the 
jth transmission tiller F, to the ith user as 



For ;inv * it resulls 



(13) 



where wc introduced = ^J./ 0 ^ for aU lnc ** s - ln order 
in ;iccount lor ull the users wt introduce the malnx D c = 
diafilV: j Cdd). the matrix O r defined as 



[C 



for j i 
for j = 1 



the vector 1/ - [v\ . . - v.i] T and the matrix P = diag(p|. 
Then we ha\e the following equation 

y- 1 = 0;>"'(C' r ,»+ v } . (14) 

So the criterion (12) generally leads to 3 set of coupled prob- 
lems which cannot be solved analytically. It can be shown 
however that the optimum U 2i leads to the same 7 for all the 
users. Indeed it some 7»'s are not the same, then we can scale 
the {p. } to improve y mia (refer to [ 1 1 for a detailed proof). 

3. MFB OPTIMIZATION PROBLEM SOLUTIONS 

Guneially the optimization problem cannot be solved analyt- 
ically for both p and {U l t } at the same lime. Nevertheless 
under certain ussumpiiuub the optimization can tie canied out 
in a decoupled way for p and [U]} allowing analytical ap- 
pioiichci to find the optimum. 

1 Actually, ihc proper norm tor the V\ *s in g is U\ WU\ H , where 
XV depends on rho. pulse shape ritier, bur we shall ignore this issue tn 
llii* paper. 



3.1. Normalized transmit fillers optimization for m > d 

3. J.J. Zero-Forcin g (ZF) solution 

In the noiseless ease or assuming the assumption {9) holds, the 
MFB optimization becomes 

max {U\R t U\ H } s.t. V Pj U\R.U\" = 0 (15) 
llf:B:=i % 

Note that the condition Yi Pl U\ H R,U\ = 0 is equivalent 



to a set of Zero-Forcing (ZF) conditions in the form U ' J? 7 U\ H 
0. for j ^ 1. Then the optimization problem reduces to 

max \\U\Tl{HA\\1 s.t. U\Tl[H ,) = 0 for j # t 

(16) 

Denning B. = [Tj.(//, )] which is a block Toeplitz ma- 
trix accounting for all the channels but the channel H,. the 
solution of the problem(.16) is V\ H = R,Vt, ) 

In order for a non trivial solution to this problem to exist, the 
constraints should not fix all the available degrees of freedom 
and wc require 



L > 



m -id - 1) 



<17i 



The constraints present in the optimizaiion problem (I A) lead 
to perfect IUI cancelation. This is obtained at the expense of 
increased ISI at the receiver. In order to consider the IS I as 
well as the IUI rejection in the optimization problem we rely 
on the ZF pre- equal iz.auon conditions. 

/ . 2. ZF conditions for IUI and fSI rejection 

In order to ensure ZF conditions for IUI and ISI for the tin user 
the set of constraints to be considered is 



U t l [r L iH l )...n(H<i)] 

ith user 



(18) 



= ro ... 0 ... jo ...00O. 



01 



0] 



where a - 0 is an arbitrary constant 10 be fixed in order to 
satisfy the constraint on the norm of U\. To be able to sat- 
isfy all the constraints (IS) we need to choose the length of 
each filter l/ t , L. such that the prcviou> system is exactly 01 
underdeiermined. Hence 



Vl9) 



where A r = 

Then assuming L > L we can consider two limiting set ot 
constraints: 

• IUI rejection, no ISI rejection, as in section 3.1.1. 
IUI and ISI rejection: in this ease the set of constraints 
is (18). i.e.. wc have A>", -f L — 1 more constraints. 

The goal is to maximize .the MFB which, in nhsence of IUI 
1 equal to 7ero due to ZF), is proportional to the energy in itv 

prenlter-channel cascade. This MFB decreases if all the en- 
ergy is constrained in one tap. 

Hence tf no ISI rejection is provided die best performance will 
be achieved, for a specified L. due to the larger number of de- 
grees of freedom. However, in that case the ith receiver needs 
to equalize a delay spread of up to .V, + L - I symbol periods, 
corresponding to the whole delay spread due to the convolu- 
tion between the channel and die transmission filter. We may 
prefer that the introduction of the prefilter is done without the 
consequential increase in delay spread. Or wc may want to 
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limit the delay spread seen by the mobile lo limit the complex- 
ity for the equalization task in the mobile. In those cases ad- 
ditional constraints in order to obtain at least partial 1ST rejec- 
tion, i.e.* limited delay spread, can be added, leading to inter- 
mediate solutions between the previous two limiting cases. In 
general lo have complete IUI and partial ISI rejection we add 
(A\ -f L — 1) — £151 constraints (coefficients of the prefilter- 
channel cascade being zero), with I < Lisi < (N t -f L — 1), 
where Lisi corresponds to the residual delay spread, i.e., resid- 
ual LSI. Actually thafrneans to trade between performance and 
receiver complexity. This opiimization problem has to be car- 
ried oui fur all possible positions of the nonzero part of length 
of the prefilter-channel cascade, and the best position 
should be chosen. Finally, note that as L increases the MFB 
increases as well. So, we shall choose the actual length of the 
transmission filters L according to a trade-off between perfor- 
mance and transminer complexity. 

3.2. Normalized transmit filters optimization for m < d 

When m < rf, IUI and ISI cancelation with FIR filters cannot 
be obtained. Also when in < d we cannot specify a priori any 
constraint on the length of the transmission fillers for the IUI 
rejection. However, solutions are possible to get at least a par- 
tial IUI rejection in those circumstances also. Unfortunately, 
even if the assumption (9) holds, analytical approaches are not 
possible in the presence of noise when m < d. Direct MFB 
optimization will again he analytically intractable in this case. 
Then we propose to consider the Signal-to-Interference Ratio 
(SIR) instead. The SIR for the ith user is defined as 

EW n riti/ 

SIR, = . - 1 ' ' T77 (20) 

The equation (14) in the absence of noise reduces to 

-T 1 = D7 l P' l C T p (21) 

where now 7, = SIFU for any t. Considering the criterion 
(12) and the definition (20) it is straightforward to see that the 
optimum is achieved when all the imcr-user-intcrferencc (IUI) 
is zero so that 7" 1 = 0 for all ; 's. Then, if m > d the optimum 
approach in the absence of noise would lead to the ZF solution 
(16). Since m < d we shall consider other non-ZF approaches. 
Note that since the optimum still involves 7, = 7 for any i, the 
equation (21 ) reduces to 

7~'p = A T p (22) 

where A T — JD~ J C 7 is a non-negative matrix. Moreover p 
has to be a non-negative vector and 7" 1 has 10 be non-negative 
as well. On the basis of the following theorems ([ 1 0),[ I }) 

Theorem 1 

For a non-negative matrix, the eigenvalue of the largest norm 
is positive, and its corresponding eigenvector can he chosen 10 
be non-negative. 



Having an estimate of p. wc can optimize {U\). Indeed the 
optimization criterion is given by 

ruin A, n „(A T ) (23) 

In oider to simplify the problem formulation without loss of 
generality, we considei V \ "s normalized such thai U\Tt t U) H = 
1. so that D e — Id and A T — C T . Then the criterion (23) 
becomes 

m'mq'A T p 5.t. V\RiU\" = \ (24) 

where q = A). The criterion (24) leads to a set of 

d decoupled problems whose solution is jiiven by U\ H = 

The new set of vectors {U',} can be used to rc-optimizc the 
powers p according to (22). 

3.2. J. j I A ' J I i minimization base d sol u riot 1 

As sub-optimal approach or initialization we can use the fol- 
lowing criterion 

min lUMh s.t. TJlRiU 1 * = 1 (25) 

This approach has the advantage of optimizing the direction 
vectors {U : .} independently from the powers;?. In that sense 
it is suitable to initialize an iterative procedure 10 find the global 
optimum. Indeed it leads lo a set ol d decoupled minim i/a- 
tion problems whose solution is aiven bv U] h — . ^' — , 

where, in this case. e t — \' in ^{R ; . R; 1 for any i. 

Note that the criterion ( 25) corresponds to minimizing the power 

delivered to the undesired users while maximizing the power 

delivered to the desired user, by each each filter JF*[. 

A similar criterion was already proposed in (4. 51 to optimize 

the weight vectors for transmit beamformmg in a non-SDMA 

context. 

3.2.2. A ma y ( A r ) minimization based algorithm 

According to the previous arguments, we propose the iterative 
procedure summarized in tabic 3.2.2 to find ihe global opu- 
' mum in the absence of noise. 

Table 1: A roM (A' J ) mi nimization based algorithm 

<i) Initialize U\ using (25) for i = 1, . . . . rt; 

) Compute q = * ( A ) ; 

(iii) Compute t:, = V' lrtAX ( /r\, Y2,* t '// ) '• 

(iv) Compute U\ H — r ^'^t — • 

(y) Go back to (ii) until convergence; 
( vi) Com pu tc p ~ \ \uslx iA' ): 
(vi) Compote F\ = y/p,U\. 



Theorem 2 

For a non-negalive matrix A T , the non-negative eigenvector 
corresponding to the eigenvalue of the largest norm is positive. 

Theorem 3 

Given the matrix A * there exists only one solution to equation 
(22). 

we can say that for a given set of unit norm vectors {f/\} l hen 
the optimum yields 7"' = \» t **(A T ) andp = V m ^(A r ). 



33. ZF conditions for IS I rejection 

The problem of the ISI rejection remains the same as in the 
case of the ZF solution for m > d. i.e.. wc can add constraints 
in order 10 limit the whole delay spread as it was previously 
explained. In general, to rejecl ISI at the i&. mobile receiver 
wc need to design U [ such that 
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so that perfect ISI rejection (pre-equalization) for the tth user 
is achieved when 



u;tl,(h») = [o ... ooo ...o; 



l26) 



where o has to be fixed in order to satisfy the constraint on the 
norm of U\ . That set of constraints can be added to (24). (25). 
For a partial IS[ rejection the same arguments in section 3.1.2 
hold. 

However wc shall chose L, large enough 10 allow also a par- 
tial IUI rejection at least. In case we want-io-design-all-the- 
transmission filters with the same length L for all the users, to 
obtain perfect ISI rejection we need 



L > 



where /V*„,ax = max,{A\}. Once again, the actual length of 
the transmission niter L has to be chosen according to a trade- 
off berween performance and transmitter complexity. 

3.4. Minimum-mean-squarc-error (MMSE) solution 
The MMSE criterion for the ith user is given by 



in in max E\\y t (k) - a t {k - 



U7) 



Q/> = 7 *Sp 



(29) 



where p = \p T l] 7 



• ° = [oL o] S -[g' -Z»] 

where jl = D~ x v and g T p — p m *x Then similarly to [ 1 J 
since S is invcnible we have 



a T A< 



01 



t'30) 



which is a non-negative matrix. Relying on theorems 1-3 we 
can say that y~ : = kzr>a.xi-E T ) and p = V' mtx i\c7j. Further, 
note that we can always re-scaie p in order to make its last 
element equal to one. 



3.6. Implementation issues 

The presence of the noise makes the optimization of the filters 
\U' t ] involve a set of coupled problems that does not allow- 
any analytical approach to rind a solution. Therefore, we sug- 
gest to compute the vectors \ U';} applying ZF conditions (16i 
or MMSE criterion (27) when m > d. or using: the algorithm 
described in table 3.2.2 when m < d. Then, given {U\ } opti- 
mize the power assignment according to the criterion GO). 
When the noise is present, since the base siation cannot ir.stt- 

"Ifiale^hTTioisT^anan^^ receiver, unless such an 

estimate is provided by the mobile, the vector u cannot be es- 
timated. To remedy this drawback we shall properly define the 

" SNR al the receiver. A possible definition is given hy 



where u is a properly chosen delay to minimize the MMSE 
and 

a 

y,(k) - ^i^TM/f.M, .v, + /.-i(i-) + t«.(fc) 

Then the criterion 127) can be written as 

min ^ maxiE\\p,UlTUH t )A t , jV , + /._, {k) - n,{k - n) 

(28 i 

where the first term corresponds to the ISI and (he second one 
to the IUI. Hence it is straightforward to see that the MMSE 
currespunds to ZF on ISI and IUI when ZF conditions <18) 
can be applied. Otherwise, MMSE leads to a set of coupled 
problems which in general cannot be solved analytically. 
Finally we point out that MMSE problem has been formulated 
lor purely spatial processing in (2J but no solution has been 
provided in that paper. 

3.5. Power assignment optimization 

Assuming a given set {U,}, since the optimum involves all 
the ->,'s to be the same, the expression (14i can be arranged 
in order to include the constraint on the transmitted power as 
follows 



SNR, 



for any i. In practice we need 

min{SNR,} > SNRnm, 



(31) 



where SNR mm is a value necessary for the mobile receiver 
to work with an outage prohahilily below si specified max- 
imum. Assuming all the users using the same receiver the 
worst case for the ith user occurs when ;_>, — while 
iv, = /A, iax = ll'^lliv- Therefore a sufficient condition to sat- 
isfy the requirement (3 I ) i> given by setting 



SNR nii „ = 



ni in {A max 



(32) 



Given SNR min and /'-a*, ^„, aK can be derived. Then setting 
it, — is mriV for all the f s the condition (3I> is satisfied. Finally, 
note thai mrp ma « — > >v; ihe optimum solution is the one in the 
absence of noise, for any u K m > 0. 



4. SIMULATIONS 

The following simulation is provided lo illustrate a practical 
implementation of the proposed solutions. Here we consider 
an SDMA scenario in the presence of three co-channel users 
{,-{ = ;i) which receive signals transmitted from a base station. 
The channels Hi (tor f. = I, . . . d) are assumed known ior 
estimated from the uplink) and they are characterized by four 
paths for the first and the second user and six paths fin the tliiid 
user respectively, resulting in /V| = — 9 and AS - 11 
symbol periods. 

For the first set of simulations the base station is equipped with 
a tour elements antenna array and it is assumed performing 
ovcrsampling by a factor two. so that m = S. In that case, 
since in > d ZF conditions (18) can be applied. Ky selling 
the length of all the transmit filters equal to L - — L = G sym- 
bol periods we obtain tin* |um formalizes plotted in ligure S. in 
terms 7 of~SINR at each receiver versus the minimum SNR. 
For the second set of simulations the base station is equipped 
with a two elements antenna array and it does not perform 
ovcrsampling, so that *n — '1. Then, since nt < d. ZF con- 
ditions (18) cannot be applied and the algorithm described in 
Table 3.2.2 is used instead. Figure A shows the performances 
in terms of SINR at ejirh receiver versus the minimum SNR. in 
ihe presence of the same user scenario as above, having cho- 
sen the length of the transmitted filters equal to L = 14 symbol 
periods fur .ill the users. 

Note that increasing /- fvller performances can be obtained 
in both cases of ZF and non-ZF solutions, as it is shown in 
figures 5 and 6, where we set L — 10 and L = 10 symbol 
periods respectively. 
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hgure 3: Opiimum SINR vs. SNR mitJ . ZF solution for differ- 
ent vuluc> ol /-isi and L ~ 6 . _ 



Figure 5: Optimum SINR vs. SNRrr 
cnt values of List and L ~ 10 



. ZF solution for differ- 
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Figure 4: Optimum SINR vs. SNR, (1111 , non-ZF solution for 
different values of Am si and L — 1*1 




Figure 6: Optimum SINR vs. SNR n 
different values of List and L = 20 



, non-ZF solution for 



5. CONCLUSIONS 

Wc addre>*cd the problem of the optimization of the MFB 
with respect to the transmit filters at a base station performing 
spatio-temporal processing. A general problem formulation 
yielded the proper cost lunch on 1o be minimized. We showed 
thai the ZF solution allows independent optimization of the 
transmit niters F,, for i = ] tV, and under certain as- 
sumptions it it optima] for the MFB maximization. We showed 
that MMSE leads to the same solution as ZF conditions ap- 
plied in both ISl and II. I, in those eases where ZF (conditions 
(IS) can be achieved. We proposed also □ non-ZF solution for 
those cases where ZF conditions ( 1 g)> cannot be applied. We 
showed thai when the number of users is greater than or equal 
lo the number ol the channels available ai the base station only 
a partial IUI rejection can be achieved in general. An algo- 
rithm was de lived for such cases to optimize the MFB. Simu- 
laiions have shown the performances of both ZF and non-ZF 
solutions for different values of the transmit filter length and 
different introduced delay spreads due to the pre filter-channel 
cascade. 

The criteria and the algorithms proposed here can also be ap- 
plied to perform only purely spatial processing. Although we 
shall observe that purely spatial processing, i.e.. bcamforming, 
is inlnnsically sub-optimal since it requires a larger number of 
army antennas lo perform like spatio-temporal processing. For 
instance, to achieve the ZF solution in the purely spatial case 
we need m > d and ?n > N. Such conditions are hard to sat- 
isfy in most applications (e.g.. in the previous simulated sce- 
nario with purely sp.iti.il processing the ZF sululion requires 
in > 29). 
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